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In order to improve the level of safety management on construction site, the statistic 
management theory was adopted. In construction industry, the safety issue has been much more 
important nowadays. The purpose of this thesis is to improve the standard of construction 
industry safety standard using of six sigma level in the safety area. By analyzing the falling 
accidents in the construction industry, this thesis will build DMAIC model. This article will 
Define, Measure, Analyze, Improve, and Control in the whole process. By using the Fishbone 
Diagram and Failure Modes and Effects Analysis (FMEA), the result show that operation time 
and season, construction safety law and regulation systems, and the personality of the stuff, the 
type of the construction industry. These four key factors are responsible for high falling accident. 
Based on the analysis results, specific improvement schemes were proposed for the 4 key factors. 
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Chapter 1: Introduction 
1.1 Introduction of thesis 
 Design for Six Sigma is an excellent management strategy and methodology tool, and 
most companies have received great benefit by implementing its philosophy and have become 
more successful in the competitive business market place such as General Electric and 
Honeywell (Adams, Gupta and Wilson, 2003). The construction industry, is a high risk place for 
the employees and workers. Currently, according to OSHA report, the death which caused in this 
industry are also on the top list of the danger work place.  
 As the safety issue associate with the development of company and the health of 
employee families, the method to measure the risk and technology to decrease the risk is more 
and more heavy rate. Construction has about 6% of U.S. workers, but 20% of the fatalities - the 
largest number of fatalities reported for any industry sector. Not only in American, even in 
Europe, is the construction the most dangers land-based work sector after fishing industry.  
 The research about the construction safety is important and necessary. As this kind of 
work is hard to control based on the constantly changing environment, sometimes it is also hard 
knowing the hazard and risk during the working process. A preliminary total of 4,679 fatal work 
injuries was recorded in the United States in 2014, an increase of 2 percent over the revised 
count of 4,585 fatal work injuries in 2013, according to results from the Census of Fatal 
Occupational Injuries (CFOI) conducted by the U.S. Bureau of Labor Statistics. 
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Figure 1: Fatal occupational injuries by major event, 2014. Retrieved from: U.S. Bureau of Labor 
Statistics, 2015. NATIONAL CENSUS OF FATAL OCCUPATIONAL INJURIES IN 2014  
From the chart we can see, the falls, slips and trips are mostly happened in construction industry. 
Which is high rate of the percentage of the occupation who are injured by major event.  
1.2 Purpose of the Research: 
 As the increasing number of employee in construction industry, and the development of 
the urbanization, the safety issue is also increasing every year. According to OSHA: 4,679 
workers were killed on the job in 2014, and out of 4,251 worker fatalities in private industry in 
calendar year 2014, 874 or 20.5% were in construction―that is, one in five worker deaths last 
year were in construction. The primary purpose of the research is to improve the management 
quality of safety engineering in construction industry. The purpose of this research was to 
identify which factors contribute most to the safety issue associated with construction industry in 
order to eliminate the risk as much as possible. The fusion of six SIGMA method and 
construction safety management will be studied in five aspects including selecting topic and 
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defining for project, measure, analysis, improvement and control. The difficulty with performing 
a standard measurement system analysis with the risk of construction industry is there are several 
factors contributing towards the overall variation. It is important to note that this research intends 
to raise the awareness of the safety in construction industry. On the contrary rather, there exists a 
high likelihood that the results of this research will succeed in further safety management and 
risk analyze as high reliable analyze method which could be used for a wide range of industrial 
applications.  
1.3 Objectives of the Research: 
1. Create a Six-Sigma DMAIC model for the falling accidents, Determine, Measure, 
Analyze, Improve, and Control the factors.  
2. Identify the key factors responsible for falling accidents using the Fishbone Diagram and 
FMEA． 
3. Determine the correlation between the significant causes and the rate of falling accidents.  
4. Propose specific improvement schemes, based on the result of the factors.  
1.4 Significance of the Research: 
The contractors will experience strong productivity improvement due to the adoption of 
safety, including schedule, budget and project ROI (Project Return on Investment) benefits. As 
50% report a decrease in project schedule by one week or more; 73% report decrease of project 
budget by 1% or more; 73% also report increase in project ROI by 1% or more. (Mcgraw hill 
construction 2013) 
Not only contractors will get benefit from the project working one with but also can 
improve their reputation, the ability to contract new work, and will improve the project quality. 
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This research will improve the quality of the management in safety. And also, the formulation 
which created to analyze the risk could be widely used in different type of industrial. As 
according to the research, large firm are adopting safety policies and practices more widely than 
small firms. The safety improvement will increase the competition ability.  
 The result of the research will not only benefit the companies but will also benefit the 
employee. As the risk of the issue will be noticed by exactly numbers and levels, the employee 
will have intuition of the work by providing insight of it.  
1.5 Limitation of the research  
Due to time constraints, limited data was able to be collected for comparative analysis using 
the data which collected by OSHA. Not too much related data are collected. For example, as the 
measure of the falls, there may have several influence which may be the cause, but due to the 
data which we got from the internet, there are not too much factors are detected or measured. As 
the correlation ship between the factors and influences are hard to detect and have the exactly 
formulation, the risk analyze may not be that accurate. So, by using the formulation which we 
got from this report, the risk which we analyze is not lean relationship. So, the output could only 
determine by level instead of numbers.  
The accident may be caused by several reasons. There are several causes are hardly to 
measure or detect. The accidents various from place to place. As the changing of the 
environment and working places, the method of detecting may different and various.  
1.6 Definition of Terms:  
MINITAB Statistical Software: An industry standard comprehensive statistical and graphical 
analysis software package. It is the primary package used in Six Sigma and other quality 
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improvement projects, and is widely known for its comprehensive collection of methods, 
reliability, and easy-of-use.  
DMAIC: DMAIC is a data-driven quality strategy used to improve processes. It is an integral 
part of a Six Sigma initiative, but in general can be implemented as a standalone quality 
improvement procedure or as part of other process improvement initiatives such as lean. 
(Excerpted from The Certified Quality Engineer Handbook, Third Edition, ed. Connie M. 
Borror, ASQ Quality Press, 2009, pp. 321–332.) 
Fishbone Diagram: A Cause-and-Effect Diagram is a tool that helps identify, sort, and display 
possible causes of a specific problem or quality characteristic. It graphically illustrates the 
relationship between a given outcome and all the factors that influence the outcome. This type of 
diagram is sometimes called an "Ishikawa diagram" because it was invented by Kaoru Ishikawa, 
or a "fishbone diagram" because of the way it looks. An example of a fishbone diagram is shown 
below. 
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Figure 3: Fishbone diagram example. Retrieved http://www.improhealth.org/2016 
FMEA: The aim of a service FMEA is to prevent the misuse or misrepresentation of the tools 
and materials used in servicing a product. Companies who have adopted the FMEA process will 
typically adapt and apply the process to meet their specific needs. Typically, the main elements 
of the FMEA are:  
• The failure mode that describes the way in which a design fails to perform as intended or 
according to specification;  
• The effect or the impact on the customer resulting from the failure mode; and  
• The cause(s) or means by which an element of the design resulted in a failure mode. 
7 
 
Pareto Chart: A type of bar chart in which the various factors that contribute to an overall effect 
are arranged in order according to the magnitude of their effect. The bars are arranged in 
descending order of height from left to right. This means the categories represented by the tall 
bars  on the 
left are relatively more significant than those on the right. 
Figure 4: sample Pareto diagram. Retrieved from: Pareto Chart, Minnesota Department of 
Health from http://www.health.state.mn.us/2016 
Linear regression: Regression analysis is the art and science of fitting straight lines to patterns 
of data. In the linear regression model, that are combined by the independent variables which are 
also named variable of interest, and the dependent variables. The equation of the linear 
regression is showed below. 
E(Y |X) = α + β1X1 + · · · + βpXp, 
Where α is called the intercept and the βj are called slopes or coefficients. 
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Flowchart: Flowcharts are simplistic in design, but have many capabilities within process 
improvement. Their purpose is to facilitate a collaborative understanding of a process and 
visualize the relationships found among process components. Especially in Lean Six Sigma 
methodologies, it is important to map the process both before and after improvement. In order to 
develop an effective flowchart, a quality manager should follow these steps: 
 Define the start, end, key workflow components, and decision points. 
 Document each step, then review with the team. 
 Define assumptions to avoid confusion. 
 Sequence each event. 
 Assign the symbols for flow (arrow), diamond (decision), oval (start/finish), and 
 Rectangle (key operations). 
 Validate with the appropriate personnel. 
 Identify and correct any gaps (Barrick, 2009). 
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Chapter 2: Literature Review 
2.1 History of Six Sigma: 
In 1798, Eli Whitney, a great contributor in the quality field, received a mass production 
contract to make muskets for the government. He proved the possibly of using methods to 
produce interchangeable parts by using a capable machine to replicate different parts. (Folaron 
and Morgan, 2003, p. 38) In the mid-1980s, Motorola, under the leadership of Robert W. Galvin, 
was the initial developer of Six Sigma. Mr. Smith, the senior engineer and scientist within 
Motorola’s Communications Division, had noted that its final product tests had not predicted the 
high level of system failure rates Motorola was experiencing. He suggested that the increasing 
level of complexity of the system and the resulting high number of opportunities for failure could 
be possible causes for this. In 1980s, Motorola Six Sigma as a set of statistical tools adopted 
within the quality management to construct a framework for process improvement (Goh and Xie, 
2004; McAdam and Evans, 2004) The Six Sigma concept was tremendously successful at 
Motorola. It has been estimated that they reduced defects on semiconductor devices by 94% 
between 1987 and 1993. Six Sigma helped Motorola realize powerful bottom-line results in their 
organization – in fact, they documented more than $16 Billion in savings as a result of Six Sigma 
efforts. Incidentally, “Six Sigma” is a federally registered trademark of Motorola. To illustrate 
why 99 per cent quality level is not acceptable, consider the following facts (McClusky, 2000; 
Rath and Strong, n.d.):  
 Around 1920, much of the quality management work were done at Bell Telephone 
Laboratories, where both Walter Shewhart and Dr. Joseph M. Juran worked at. The early 
survived technical Shewhart control chart is also a name of Statistical Process Control. 
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Shewhart’s work laid the foundation not only for the use of engineering methods to specify work 
processes, but also for the use of statistical methods that quantify the quality and variability of 
processes. 
 In 1950s, Deming, Juran, and Feigenbaum helped the Japanese industry to be the 
leadership of the whole world industry. The unique high quality products made Japanese goods 
uncompetitive in the whole world. The postwar rebuilding of Japanese industry was seen by 
industry leaders as a unique opportunity to radically deal with this problem. As the developing of 
the Japanese industry and high quality goods in automobile industry which resulting in 
successfully designing high quality, performance automobiles, at low cost. The American 
automobile industry had been put into uneasy situation. As facing a big trouble of the business in 
the United State, American starting to know the important of the quality, and also eager to study 
the quality management method to completive with the Japanese. Then, Dr. W. Edwards Deming, 
Dr. Armand Feigenbaum, and Dr. Joseph M.Juran starting to become the pioneer of the United 
State quality pioneers, they supporting the technique and method of the quality industry. The 
great improve work which were done by these pioneers has enhanced the activity in American, 
and also, the completive and fascinating technology also helped a lot of famous and successful 
companies such as Motorola, IBM and General Electric.  
Nowadays, the six sigma is another language of management. From the top leadership 
and led by high potentials trained as Black Belts or Master Black Belts in Six Sigma to reduce 
cost and defects to meet customers wants. This is as close to perfection as possible as 99.99966 
per cent of the time it would be perfect. 
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Table 1: Sigma level identification. Retrived from: Barrick, I. (2009). Transforming 
health care management: 
Integrating technology strategies. Sudbury, Mass.: Jones and Bartlett. 
 
Most service enterprises operate at two or three-sigma levels and with poor-quality 
customer experiences. Six Sigma’s goal is to reduce the amount of bad customer experience to 
three in a million (for Six-Sigma level). Six Sigma methodologies are used to obtain factual 
information regarding customer satisfaction. This follows the method of define, measure, analyze, 
improve, and control (DMAIC). 
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Figure 5: The RADAR matrix cycle as a methodology of EFQM Excellence model. Retrieved 
from: Quality Improvement Methodologies –PDCA Cycle, RADAR Matrix, DMAIC and DFSS 
from http://www.journalamme.org/2016 
The management phases of Design of Six Sigma process are: Define, Measure, Analyze, 
Improvement and Control (DMAIC) which is used for achieve the 3.4 defects per million 
opportunities in a project work. In the particular phases, the DMAIC is a improve cycle which 
could be used to drive six sigma projects to resulting in increased revenue, reduced costs and 
improved collaboration. These process improvement project need to have the potential to be 
improved and has the obvious problem in it, and the collectable data are also needed.  
The Define Phase is the first phase of the Lean Six Sigma improvement process. In this 
phase, the leaders of the project create a “Project Charter”, create a high-level view of the 
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process, and begin to understand the needs of the customers of the process. The development 
then steps into the “Measuring” phase after the project and product defined. In this phase, the 
critical process map needs to be created and so as the measurement system for providing the 
valid data (McCarty, Daniels, Bremer and Gupta, 2005, p.392). The valuable data can be defined 
and collected by a reliable data collection process. Therefore, analyze the system to identify 
ways to eliminate the gap between the current performance of the system or process and the 
desired goal. Use exploratory and descriptive data analysis to help you understand the data. Use 
statistical tools to guide the analysis. (Six sigma handbook) Once the project teams are satisfied 
with their data and determined that additional analysis will not add to their understanding of the 
problem, it is time to creative or finding new ways to do things better, cheaper, faster. Use 
project management and other planning and management tools to implement the new approach. 
Use statistical methods to validate the improvement. The powerful tools for accomplishing this 
phase are Pilot, FEAM and DOE. Finally, in the “Control” phase, the team should develop a plan 
to implement the solutions selected in the Improve phase and also conduct the control charts to 
monitor the process (McCarty, Daniels, Bremer and Gupta, 2005, p.472).  
The DMAIC and lean Six Sigma is dedicated to helping small- and medium-sized 
businesses (SMBs) increase revenue, reduce costs and improve collaboration in today's 
increasingly competitive economy. 
2.2 History of OSHA: 
In 1970, the United States Congress and President Richard Nixon created the 
Occupational Safety and Health Administration (OSHA), a national public health agency 
dedicated to the basic proposition that no worker should have to choose between their life and 
their job. Congress created the Occupational Safety and Health Administration (OSHA) to assure 
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safe and healthful working conditions for working men and women by setting and enforcing 
standards and by providing training, outreach, education and assistance. OSHA is a part of the 
United States Department of Labor. The administrator for OSHA is the Assistant Secretary of 
Labor for Occupational Safety and Health. OSHA's administrator answers to the Secretary of 
Labor, who is a member of the cabinet of the President of the United States. The OSHA law 
makes it clear that the right to a safe workplace is a basic human right. 
In 1970, an estimated 14,000 workers were killed on the job – about 38 every day. For 
2010, the Bureau of Labor Statistics reports this number fell to about 4,500 or about 12 workers 
per day. At the same time, U.S. employment has almost doubled to over 130 million workers at 
more than 7.2 million worksites. The rate of reported serious workplace injuries and illnesses has 
also dropped markedly, from 11 per 100 workers in 1972 to 3.5 per 100 workers in 2010. 
(Occupational Safety and Health Administration U.S. Department of Labor 2015) 
2.3 OSHA Coverage  
The OSHA covers most of the private sectors employee and their works in addition to 
some public sector employers and workers in the 50 states and certain territories and jurisdictions 
under federal authority. 
State plans are OSHA-approved job safety and health programs operated by individual 
states instead of Federal OSHA. The OSH Act encourages states to develop and operate their 
own job safety and health programs and precludes state enforcement of OSHA standards unless 
the state has an approved program. OSHA approves and monitors all state plans and provides as 
much as fifty percent of the funding for each program. State-run safety and health programs must 
be at least as effective as the Federal OSHA program. 
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Figure 6: OSHA approved state plans. Retrieved from: Occupational Safety and Health 
Administration U.S. department of Labor. 2015 
2.4 Construction Industry Safety Issue 
As there are so many risk during the working place, there is no surprise that construction 
workers are more likely to get injured. According to the data from 2014 in construction. The total 
number of the worker are 852,870, the number of injuries and illness are 22190, and the injure 
illness incidence rate is 309.7 which is 103.26% of the Light truck or delivery services drivers. 
As a result, the research for workplace for construction industry workplace safety are important. 
Research about this are needed and must be continued.  
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The major type of fall hazard in construction: 
1.  Unprotected roof edges, roof and floor opening, structural steel and leading edges, etc. 
 Major hazards related to unprotected roof edges, roof and floor openings, 
structural steel and leading edges 
 Examples of accidents related to unprotected roof edges, roof and floor openings, 
structural steel and leading edges 
2. Improper scaffold construction  
 Major hazards related to scaffolds  
 Examples of accidents related to scaffolds  
3. Unsafe portable ladders  
 Major hazards related to ladders  
 Examples of accidents related to ladders 
Some of the working conditions that contribute to fall hazards include: unprotected edges 
of elevated work surfaces, including roofs; scaffolds; and ladders. When doing the construction 
process, the hazard is always being with the process. The opening walls, floor holes, unprotected 
holes and edges which lead the falling which may cause fall injure, sprain, or even death.  
Falls to a lower level are a major cause of fatalities in construction. Factors such as 
improperly covered or protected floor holes and openings are a common fall hazard. It’s easy to 
step into a hole or opening when carrying something that blocks one’s forward view.  
The majority of the workers injured in scaffold accidents attribute the accident to factors 
like the planking or support giving way, or to lack of guardrails or other fall protection. OSHA’s 
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most frequently cited serious scaffold violations include lack of fall protection; scaffold access; 
use of aerial lifts without body belts and lanyards, platform construction and no worker training. 
 
18 
 
 
Chapter 3 Methodology 
3.1 Restatement of Research Objectives: 
 As the research is to detecting the risk in construction area, statistic and mathematics are 
need in this part of research. The research objectives and addressed are guided by the general 
concerns listed below  
1. Create a Six-Sigma DMAIC model for the falling accidents, Determine, Measure, 
Analyze, Improve, and Control the factors.  
2. Identify the key factors responsible for falling accidents using the Fishbone Diagram and 
FMEA． 
3. Determine the correlation between the significant causes and the rate of falling accidents.  
4. Propose specific improvement schemes, based on the result of the factors.  
To create DMAIC model of the construction industry.  
In the Define part, as the data from the post of OSHA construction industry accident 
report. To calculate the number of each accident type which they four major accident type: falls, 
Electrocutions, struck by Object, Caught-in/between, and then build Pareto chart. Even though 
the company has investigated a lot of money on the safety, but the policy seems that there still 
failed in some points. The works accident various depend on seasons and people.  
 Measure: This phase forms the measurement systems for the inputs and outputs of the 
selected project with major focus on the fatal of each type of accidents. Measure is to test the risk 
and hazard of the construction area. To forming the chart of the safety check list, the hazard and 
unsafety issue will be measured and calculated. The six sigma method management check list 
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will be formed. For example, when we testing the construction working place for 365 times, and 
we find there have 200 unsafety hazard during the check.  
Analysis: During this process, to find the key factors of the data and analyze the data 
collected. Based on the fishbone diagram, to finish the basic cause and effect analyze. With the 
FMEA (Failure Model and Effect Analysis) to analyze the most important failure model of the 
case.  
1. Building the fishbone diagram (cause and effect diagram) As the analyze of the failure 
risk, the separate of the cause to six big issues, which are Methods; Machines 
(equipment); People (manpower); Materials; Institution; Plan. 
2. Building FMEA diagram. Based on the fishbone diagram, the FMEA diagram are made 
to find the major cause. The key activities are determined by the stuff in this area or 
OSHA standard.  
Improve: Based on the problems which were stated and analyzed in previous two states. 
The improvement are addressed and gave out. Based on the root causes which analyzed during 
the last steps, the suggestion and further discussion will have cited on documents. The employees 
will be trained for safety purpose.   
Control: by the checklist and the improvement method we created, better control and 
management method are created. To focus on the major risk and causes, the risks are detected 
and control every time. More mature method are created and used in companies.  
Methodology for Research Objective three: Find the correlation ships between the significant 
causes and the safety issue happens rate. Analyze the correlation ships with the multiple linear 
regression. Test the falling causes and the significant rate. To create a formula which could be 
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used for the testing. Based on the fish borne diagram and the FMEA analysis, create a table for 
the key effects using the Pareto chart to find the most significant causes. X1, X2. X3, X4.  
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Chapter 4: Finding  
4.1 Data resource  
All data is found within the OSHA, and United States Department of Labor, Census of 
Fatal Occupational Injuries (CFOI) - Current and Revised Data for years 2003- 2014(Industry by 
transportation incidents and homicides), and OSHA’s common used data. The Event or exposure 
by age, and Industry by transportation incidents and homicides are published by United States 
Department of Labor. All the data are permitted by public use. Therefor all the data for 
construction falls, slips, trips, and fatal causes could be referenced in appendix B: data 
organization for construction events or exposure, falls, slips, trips, and appendix C: Event or 
exposure by age.  
The statistic uses the fatal data to estimate the accident and dangers during the work. The 
dangers and management are represented by the fatal number. However, as the type of work of 
each year may be different and the numbers of workers whom participate in the work are 
different. Event though, there may have the different, no real significant information will be lost 
from measuring.   
The fatal number reflect the total numbers for the dangers of the work and the rate of 
accident. When measured utilizing run charts, the discharge data was near-identical to that of the 
discharge data.  
4.2 The DMAIC model create 
As during the 2014, there were 4679 workers were killed on the job. (3.3 per 100, 00 full-
time equivalent workers) – On average, almost 900 a week or more than 13 deaths every day. 
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Out of 4251 worker fatalities in private industry in calendar year 2014, 874 or 20.5% were in 
construction. Based on the construction worker deaths in 2014 , over 50% workers were killed 
by the major four accident. The BLS reports considers: Eliminating the Fatal Four would save 
508 workers’ lives in America every year.  
The first step in this possessing is to measuring the fatal of the accident of the whole 
industry and construction area. The following charts are constructed using the Minitab 17 
software program.  
There is a report for the different type of accident during the 2006-2008, which shows 
there are 7461 falls accidents, 6810 overexertion accidents, 6622 struck by accidents, and 2867 
other bodily motion accidents, 2092 Struck Against accidents, 824 caught in accidents, 491 
MVAs accidents, and 688 repetitive motion accidents and the others. The author using six Sigma 
for the safety management of the accident, which create a Pareto chart for the analysis of the 
accidents types. Which showing below.  
Table 2：Rank of accident type in construction industry in2006-2008 
Rank Accident Type Claims 
FRCC(Fully 
Reserved 
Claims Cost) 
Days 
Paid 
Avg 
FRCC 
Avg 
Days 
1 Falls 7,461 $243,883,752  481,311 $32,688  65 
2 Overexertion 6,810 $94,078,147  303,654 $13,815  45 
3 Struck By 6,622 $76,978,293  178,942 $11,625  27 
4 
Other Bodily 
Motion 2,867 $35,811,998  120,382 $12,491  42 
5 Struck Against 2,092 $18,779,236  54,388 $8,977  26 
6 Caught In 824 $16,211,702  30,841 $19,674  37 
7 MVAs 491 $14,647,977  25,191 $29,833  51 
8 
Repetitive 
Motion 688 $14,178,701  44,776 $20,609  65 
  All Other 2,032 $34,883,348  41,371 $17,167  20 
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  TOTAL 29,887 $549,453,155  1,280,856 $18,384  43 
www2.worksafebc.com/portals/construction/Statistics. 2016 
 
Figure 9: Pareto Chart of Construction worker fatalities in private Industry in Calendar 2014. 
Chart constructed in Minitab 17 software program by author. Data retrieved from: Construction 
Worker deaths in 2014. BLS reports. Retrieved April, 2014, from www.bls.gov/ 2016 
The Pareto chart is a useful tool for the six sigma, CQI, and Lean Six sigma methodologies. The 
Pareto chart will show the deviation and exactly numbers of each accident. The Y-axis indicate 
the numbers of fatal from the data. The x-axis portrays each accident types. From the Pareto 
chart which indicate the major four accident types are falls, overexertion, struck by, and other 
bodily motions, which means if these four major accident could be eliminate, the 80% of the 
accident will be avoided.  
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Table 3: the falling accident number in each 
year
YEAR 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
fall death 1131 1234 1192 1239 1204 975 834 774 738 806 828 874  
 
Figure 10: Run chart of construction fatal from 2003 to 2014, chart constructed in Mintab 17 
software program by author. Data retrieved from: Construction Worker deaths in 2014. BLS 
reports. Retrieved April, 2014, from http://www.bls.gov/ 
The run chart has shown there are not stable increasing or decreasing for the fatal of accident. 
The chart is for the fatal accident in industry from the fall which from 2003 until 2014. The death 
number is increasing in the recent 4 years which from 2011, 2012, 2013, 2014. If a process is in 
control, the nature of the data will most likely be consistent. There may be some variation in 
which there are no extremes. The chart displays a significant variation in the data. So, as 
consider of how much variation of the data, the future tools for this chart are needed. The I-MR 
chart. This chart is much like that of an Xbar-R chart. The charts test for control using the variable 
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data. However, the Xbar-R chart using greater subgroup size than this one, which I-MR charts do 
not. The following data and chat represent the variation from 2003 until 2014.   
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Figure 11: I-MR chart of fall death in construction industry from 2003 to 2014 Chart 
constructed in Minitab 17 software program by author. Data retrieved from: Construction 
Worker deaths in 2003-2014. BLS reports. Retrieved April, 2014, from http://www.bls.gov/ 2016 
The variable of the fatal death chart shown the upper and lower control limits on top and 
the moving range on bottom. The year between 2004 until 2007 are over three anticipate. The 
mean fatal are indicated in the middle of the line. The year 2011 until 2014 are the data which 
are out of control, therefore can assume there are not enough management and rules for the 
safety issue in these years. The moving of the range and individual value indicate the unstable of 
the data. The points that are out of limit in this chart are the years in which there are significant 
growth and decrease as defined in run chart. There may have two reasonable causes which are 
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the coworker numbers and the type of construction. The management of the safety and the 
personality of the coworkers are also contributing for this.  
As from both the construction industry and the whole area, the fatal of falls is an 
important accident, so author trying to using six sigma method to decrease the chance of falls 
accident rate. Based on the six sigma method of the construction industry, the work table of 
process sigma for falls accident are created. The table is based on the process and to help analyze 
the sigma level of the safety management in the industry. From the output and defect of each 
processes, the sigma level could be calculated by the formula . The 
improving of the sigma level is by testing and calculating the level of the safety and then finding 
the causes and defects. The standard of the safety level is 6 sigma.  
Table 4 Work table of process sigma for falls accident 
Process Content of the Process Consequence 
1 What is this process for?  Fall of from the higher level in 
construction  
2 What is the output of the process?  Safety construction  
3 What is the defect of the process?  Safety accidents  
4 What is the opportunity of each union product? O(opportunities) 
5 What is the number of how much union completed? N(number) 
6 How many defects were founded in process 3 during the 
checking of Process 5? 
D(defects) 
7 By using the formula (1000000×D/(N×O), getting the 
DPMO(Defects Per Million Opportunities)  
(1000000×D/(N×O) 
8 By using the formula  to 
calculate the rate of output 
[1-D/(N×O)]×100 
9 Calculating Short Term Process SIGMA  Sigma level for right now 
 
The improvement of the safety level need a system process which means the analysis and 
statistic are needed. The FMEA (Failure Mode and Effects Analysis) are used in this process to 
analyze the accident. In this step, it uses fishbone diagram for the analyzing. By brainstorming 
the major categories of the causes of the problem. Which illustrated below: 
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 Method 
 Environment  
 Facility 
 Plan 
 System 
 stuff 
Then, breakdown each categories as branches from the main arrow. Ask all possible causes of 
the problem and then write down on the diagram.   
 
Fishbone diagram of falling accident  
 
Figure 12: fishbone diagram of fall accident. Chart constructed in by author  
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Table 5 FMEA analysis of Key 
activities
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From the analysis of the fishbone diagram, FMEA analysis of Key Activities are created. In the 
FMEA analysis, it includes: process step, potential failure mode, potential effects of failure, and 
the serious, potential causes of failure, occupation, and dangers. The RPN (Risk Priority Number) 
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was calculated by the serious times occupation and dangers to indicate the dangers of the process 
step. Then sort the RPN of the major dangers process steps. The definition of the dangers and the 
occupation are defined by the experienced works and experts. As this the Choose the major 
importance influences of the accidents. The major four importance influences are Timing and 
Season; Scaffold; Storming, fogging, raining, snowing; Safety Warning System and Devices. 
Table 6 Analysis of falling accident (take wind as example) 
 
wind level ≤3 wind level >3 sum 
safe n11 n12 n1J 
accident n21 n22 n2J 
sum nI1 nI2 N 
 
From the table above, the Nij means the numbers occur of each situation for the wind 
level which ≤3 or over 3 level. The sum of each row is N, which is  
NI=NI1+NI2, NJ= N1J+N2J, N=∑NI =∑NJ 
1) Set the hypothesis:  
H0: there is no relationship between wind level and accident  
H1: there is relationship between wind level and accident 
2) By using the Formula  Χ2 = ∑I∑J  ， set the hypothesis:  
By setting the α=0.05 or α=0.10 to get the value of the  
When < , reject H1, if > , reject H0 
When facing the raining and fogging snowing, use the same formula to calculating the. 
When facing the terrible environment and climate, the texting and preparing for the weather is 
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important for the construction industry. Weather is an important type of accident for the fatal of 
the employees.  
Table 7: Fatal workplace injuries in private residential and nonresidential construction from falls 
and other events, 2003–2013 
Year Residential 
construction 
fatal falls 
Nonresidential 
construction 
fatal falls 
Residential 
construction 
fatalities 
from other 
events 
Nonresidential 
construction 
fatalities from 
other events 
2003 102 262 171 596 
2004 132 313 128 661 
2005 134 260 135 663 
2006 130 303 153 653 
2007 110 337 157 600 
2008 93 243 103 536 
2009 81 202 106 445 
2010 87 177 95 415 
2011 70 192 84 392 
2012 111 179 94 422 
2013 97 205 106 420 
     
 
31 
 
 
Figure 12: fatal workplace injuries residential and nonresidential construction from falls and 
other events. Chart constructed in excel software program by author. Data from Bureau of labor 
statistics Fatal falls in the private construction industry, 2003–2013 from 
http://www.bls.gov/2016 
While the fatal workplace injuries in private residential and nonresidential construction 
fatal falls and from other events from 2002 to 2014, the data in between shows a significance of 
the nonresidential construction fatalities decrease from 2002 to 2014, and the residential 
construction fatal falls, nonresidential construction fatal falls, the residential construction 
families from other events are remaining stable. There may be some variation in which there are 
no extremes. However, this data chart displays the trend of the both the construction fatalities 
and nonresidential construction fatalities. The trend of the how much people were dead in the 
construction are showed in the run chart below. The analyzing of the chart are shown the trend of 
each type of people and also make the data represents the total numbers of the people fatalities.  
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Figure 13: fatal workplace injuries residential and nonresidential construction from falls and 
other events. Chart constructed in excel software program by author. Data from Bureau of labor 
statistics Fatal falls in the private construction industry, 2003–2013 from 
http://www.bls.gov/opub/ted/2015/fatal-falls-in-the-private-construction-industry-2003-2013.htm 
From the above chart, about a third of the 3,820 fatal falls in private construction during the 
2003–2013 period occurred in residential construction. The significant of the construction fatal 
falls are important. From the 2003 to 2008, the average of the total construction fatal falls is over 
300, but in 2009 to 2013, the average of the total construction fatal falls is less than 300.  
Table 8: Fatal workplace injuries in construction industry from falls from different height 
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Height Roofs Ladders Scaffolds
Other 
source
More than 30 feet 47 8 26 61
26 to 30 feet 41 6 10 13
21 to 25 feet 50 20 12 20
16 to 20 feet 61 28 18 21
11 to 15 feet 57 34 20 32
6 to 10 feet 11 33 17 22
Unspecified height 30 55 15 24
 
The fatal height of each type are listed on the top. The roofs and ladders and Scaffolds are 
top 3 fatal causes of the equipment. From the pie chart of the distribution of the fatal. The roofs 
conduct a greater number of fatal causes.  
 
Figure 14: Pie chart for the construction roofs fatal in 2014. Chart constructed in excel software 
program by author. Data from Bureau of labor statistics Fatal falls in the private construction 
industry, 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates 
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The Pie chart of the fatal from roof is analyzed in the figure. There are 15.8% people fatal from 
more than 30 feet, and 13.8% people fatal from 26 to 30 feet, 16.8% people fatal from 21 to 25 
feet. 20.5% people fatal from 16 to 20 feet, 19.2% people fatal from 11 to 15 feet and 3.7% 
people fatal from 6 to 10 feet. 10.1% people fatal from unspecified height. So, as the showing of 
the pie chart. Over half of the people fatal from 16 to 26 feet.  
 
Figure 15: Pie chart for the construction ladders fatal in 2014. Chart constructed in excel 
software program by author. Data from Bureau of labor statistics Fatal falls in the private 
construction industry, 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates 
The Pie chart of the fatal from roof is analyzed in the figure. There are 4.34% people fatal 
from more than 30 feet, and 3.26% people fatal from 26 to 30 feet, 10.8% people fatal from 21 to 
25 feet. 15.21% people fatal from 16 to 20 feet, 18.4% people fatal from 11 to 15 feet, 17.9% 
people fatal from 6 to 10 feet and 29.8% fatal from unspecific height. 
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Figure 16: Pie chart for the construction scaffolds fatal in 2014. Chart constructed in excel 
software program by author. Data from Bureau of labor statistics Fatal falls in the private 
construction industry, 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates 
The Pie chart of the fatal from roof is analyzed in the figure. There are 22.03% people 
fatal from more than 30 feet, and 8.04% people fatal from 26 to 30 feet, 10.1% people fatal from 
21 to 25 feet. 15.21% people fatal from 16 to 20 feet, 16.9% people fatal from 11 to 15 feet, 
14.4%people fatal from 6 to 10 feet and 12.7% fatal from unspecific height. 
Personality  
Table 9: Fatal workplace injuries in construction from different age, 2014 
Under 16 years 16-17 years 18-19 years 20-24 years 25-34 years 35-44 years 45-54 years 55-64 years 65 years andover
Slip or trip without fall 4 0 0 0 0 0 0 0 0
Falls on same level 0 0 0 3 6 9 20 31 60
Fall from collapsing structure or equipment 0 0 0 21 83 101 164 166 112
Fall through surface or existing opening 0 0 0 8 17 10 21 17 9
Other fall to lower level 0 0 0 9 57 82 128 140 100  
Based on the data of census of fatal occupational injuries(CFOI), the current and revised data of 
event or exposure of age, the relationship between age and fatal type are analyzed with Minitab 
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17, from the figure below, which the pot are spread from center to the outside. This showned a 
strong realationship between the age and the fatal types. The older age are more likely to fatal in 
the construction industry. As the number of employees in the construction industry are not same, 
the emeployee from 16-17 years old are much less than the employees from 45 to 54 years old. 
The output of the analyze shown strong realtionship for the age and the fatal. 
 
Figure 17: versus fit chart for the construction fatal from different age in 2014. Chart 
constructed in minitab 17 software program by author. Data from Bureau of labor statistics 
Fatal falls in the private construction industry, 2014 from 
http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
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Figure 17: output for the construction fatal from different age in 2014. Chart constructed in 
minitab 17 software program by author. Data from Bureau of labor statistics Fatal falls in the 
private construction industry, 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
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Figure 18: output of the construction fatal from different age in 2014. Chart constructed in 
minitab 17 software program by author. Data from Bureau of labor statistics Fatal falls in the 
private construction industry, 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
 
From the ANOVA analyze of the event and exposure by ages and the type of fatal. As the H0¬ 
¬¬hypothesis is all means are equal, and the H1 hypothesis is are means are not equal. The P 
values is shown 0.048, which is less than the α 0.05. That indicate a strong relationship between 
the event and exposure by ages and the type of fatal.  The F-value is 2.22, which could be looked 
in the diagram of the F-value.  
 
 
Figure 18: Normal probability plot distribution of the construction fatal from different age in 
2014. Chart constructed in minitab 17 software program by author. Data from Bureau of labor 
statistics Fatal falls in the private construction industry, 2014 from 
http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
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The chart shown is the normal probability plot. As the relationship between the residual and the 
percentage are showing in the chart. The pots are located near the line which indicate there are 
relationships between: age and fatal.  
Table 10: Construction fall accident fatal 2009-
2014
2014 2013 2012 2011 2010 2009
Construction of buildings 81 64 72 54 80 77
Heavy and civil engineering construction17 19 19 14 13 11
Specialty trade contractors 243 209 193 180 164 190
construction fall accident fatal  2009- 2014
 
 
 
Figure 19: Run chart the construction fatal from 2009 to 2014. Chart constructed in minitab 17 
software program by author. Data from Bureau of labor statistics Fatal falls in the private 
construction industry, 2009- 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
This chart shows the different type of construction fatal from 2009 to 2014.  There are 
three types of construction fatal, which are construction of buildings, heavy and civil engineering 
construction, the specialty trade contractors. As from the chart, all of three types of the 
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construction fatal, the specialty trade contractors are the most fatal rate of all. The construction 
of buildings includes more than the specialty trade contractors. The heave and civil engineering 
construction are the least which is also stable. For the different type of the construction, the 
safety issue of each type play different roles in this process. The manager and safety planner 
need to focus on different type of the accident and also separate the equipment and facilities to 
make sure everything is on the right way. 
 
Figure 20: versus fits plot chart of the construction fatal from 2009 to 2014. Chart constructed 
in minitab 17 software program by author. Data from Bureau of labor statistics Fatal falls in the 
private construction industry, 2009- 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
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Figure 21: Normal probability plot chart of the construction fatal from 2009 to 2014. Chart 
constructed in minitab 17 software program by author. Data from Bureau of labor statistics 
Fatal falls in the private construction industry, 2009- 2014 from 
http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
As the versus fit chart and the Normal Probability plot chart shows, the relations between 
the construction fall accident fatal and the type of construction is not strong relationship. The 
versus fit plot chart shows the plot are not located by the center of the line, and the Normal 
Probability plot chart shows the plots not located with the central line either. From the further 
analyze of the relationship by using the ANOVA method, the statistic value are analyzed in the 
diagram below.   
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Figure 21: output of the construction fatal from 2009 to 2014. Chart constructed in minitab 17 
software program by author. Data from Bureau of labor statistics Fatal falls in the private 
construction industry, 2009- 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
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Figure 22: output of the construction fatal from 2009 to 2014. Chart constructed in minitab 17 
software program by author. Data from Bureau of labor statistics Fatal falls in the private 
construction industry, 2009- 2014 from http://www.bls.gov/iif/oshcfoi1.htm#rates2016 
 
As the analyze of the ANOVA, two hypotheses are listed.  
Null hypothesis: all means are equal  
Alternative hypothesis: all the means are not equal 
Significant level α=0.05 
As the p value is 0.999 which is too high, and the R-sq value is too low- 1.67%, which is much 
larger than the α=0.05, that indicate there is not strong relation between the construction type and 
construction fall accidents.  
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Chapter 5: Conclusion  
 Nowadays, the six sigma method began with major inventions that spurred massive 
changes within industrial manufacturing. The safety in the construction industry have been a 
problem which related with both the managers and employees. The control of the safety is much 
more important in the nowadays. The management of the quality and safety could be efficient in 
both financial and timing. The need to establish standards in the construction industry resulted 
the creation of Total Quality Management and the Safety Management of the Industry. This 
article is organized and linked safety, quality control and construction management by common 
concepts across all three areas. From that, we expect better integrated understanding and 
practicing in safety control, lean six sigma.  
 The primary goal of this research was to dig the data to find what cause the fatal accident 
and trying to find the relationship between the data and fatal. All the data are from the Bureau of 
Labor Statistic and OSHA common used data. All the data are got permission to be posted, 
therefore, this research simply become an exploration of safety quality systems. The research 
follows Six Sigma thinking since the information was defined, measured, analyzed, improved, 
and controlled thorough the use of the research objects.  
 Data for the facility was collected from the All the data are from the Bureau of Labor 
Statistic and OSHA common used data from all the data are from the Bureau of Labor Statistic 
and OSHA common used data from 2003 to 2014. The OSHA common sued data report by the 
national. The main limitation for this data is it was published by the government for the whole 
industry, so the data are not detailed. This limitation could be solved once the research get 
permission for one exactly company.  
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For measure, analyze, improve, and control the construction industry safety problem, 
there are several indicators based on the cause and effect diagram. The key indicators feature 
both internal and external measures. The findings focused on improve and control though the use 
of control chart and the root causes of the recommendations of the research. The causes of the 
accident are related with several indicators which are: Method, Environment, Facility, Plan, and 
System. Stuff. The summary of the causes inferred from the data: the fatal of the construction 
form (2003-2014), the event and exposure by age (2003- 2014), the Industry by event or 
exposure (2003-2014). The construction company need to have more detailed check sheet and 
more stable equipment to support the employees to avoid dangers work.  
While, the primary recommendation for the construction industry would be to incorporate 
Lean Six Sigma thinking and problem solving tools to identify and management the influences of 
the indicators. The data collected from 2003 to 2014. The using of the same analyzing method 
could also analyze the data for the past and future process improvement opportunities. Lean Six 
Sigma thinking refers to the method of problem solving using the six sigma method which is 
PDCA cycle. Plan, Do, Check, Act cycle could be identifying the need for the improvement, 
check needs and act. The analyzing method is helpful such as fishbone diagram and six sigma 
analyzing method. The six sigma analyzing the safety level is also useful in this project. For 
example, this method could set the sigma level for the construction company to indicate how 
safety it is. Compare with the run chart of the fatal, the ratio will be much more helpful and also 
the level will more direct for the sense of the safety.  
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Appendix  
Appendix A:  
Rank of accident type in construction industry in2006-2008 
Rank Accident Type Claims 
FRCC(Fully 
Reserved 
Claims Cost) 
Days 
Paid 
Avg 
FRCC 
Avg 
Days 
1 Falls 7,461 $243,883,752  481,311 $32,688  65 
2 Overexertion 6,810 $94,078,147  303,654 $13,815  45 
3 Struck By 6,622 $76,978,293  178,942 $11,625  27 
4 
Other Bodily 
Motion 2,867 $35,811,998  120,382 $12,491  42 
5 Struck Against 2,092 $18,779,236  54,388 $8,977  26 
6 Caught In 824 $16,211,702  30,841 $19,674  37 
7 MVAs 491 $14,647,977  25,191 $29,833  51 
8 
Repetitive 
Motion 688 $14,178,701  44,776 $20,609  65 
  All Other 2,032 $34,883,348  41,371 $17,167  20 
  TOTAL 29,887 $549,453,155  1,280,856 $18,384  43 
http://www2.worksafebc.com/portals/construction/Statistics.asp 
48 
 
 
Appendix B: the falling accident number in each year  
YEAR 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
fall death 1131 1234 1192 1239 1204 975 834 774 738 806 828 874  
Appendix C: Fatal workplace injuries in private residential and nonresidential construction from 
falls and other events, 2003–2013 
Year Residential 
construction 
fatal falls 
Nonresidential 
construction 
fatal falls 
Residential 
construction 
fatalities 
from other 
events 
Nonresidential 
construction 
fatalities from 
other events 
2003 102 262 171 596 
2004 132 313 128 661 
2005 134 260 135 663 
2006 130 303 153 653 
2007 110 337 157 600 
2008 93 243 103 536 
2009 81 202 106 445 
2010 87 177 95 415 
2011 70 192 84 392 
2012 111 179 94 422 
2013 97 205 106 420 
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Appendix D: Fatal workplace injuries in construction industry from falls from different height 
Height Roofs Ladders Scaffolds
Other 
source
More than 30 feet 47 8 26 61
26 to 30 feet 41 6 10 13
21 to 25 feet 50 20 12 20
16 to 20 feet 61 28 18 21
11 to 15 feet 57 34 20 32
6 to 10 feet 11 33 17 22
Unspecified height 30 55 15 24
 
Appendix E: Fatal workplace injuries in construction from different age, 2014 
Under 16 years 16-17 years 18-19 years 20-24 years 25-34 years 35-44 years 45-54 years 55-64 years 65 years andover
Slip or trip without fall 4 0 0 0 0 0 0 0 0
Falls on same level 0 0 0 3 6 9 20 31 60
Fall from collapsing structure or equipment 0 0 0 21 83 101 164 166 112
Fall through surface or existing opening 0 0 0 8 17 10 21 17 9
Other fall to lower level 0 0 0 9 57 82 128 140 100  
Appendix F: construction fall accident fatal 2009-2014 
2014 2013 2012 2011 2010 2009
Construction of buildings 81 64 72 54 80 77
Heavy and civil engineering construction17 19 19 14 13 11
Specialty trade contractors 243 209 193 180 164 190
construction fall accident fatal  2009- 2014
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